Nakamura and Swezey (10) used DNA reassociation to examine the taxonomic position of strains previously identified as Bacillus circulans to see whether they actually comprised just one species. They found that 50 of 111 strains in the Agricultural Research Service Culture Collection (National Regional Research Laboratory [NRRL] ) of the Northern Regional Research Center could be classified into 10 separate DNA relatedness groups (i.e., 10 separate species). These included B. circulans sensu stricto (the type species), four previously inadequately described species (names revived by Nakamura [9] ) and five as yet unnamed species. The 61 remaining strains were unrelated (less than 30% DNA reassociation) to B. circulans groups 1 to 10 and were highly heterogeneous (10) .
Hansen et al. (8) found that strains of B. circulans sensu lato (i.e., previously named B. circulans), including strains ATCC 15518 and ATCC 15519 and a soil isolate, JBH2, could produce apparent extracellular alginate lyase activity. The activity from strain JBH2 showed specificity toward the mannuronate blocks of the uronic acid polysaccharide, sodium alginate, a requirement for Mg2+, and a pH optimum of 5.8. Alginate lyase had not previously been described in gram-positive bacteria (8) .
The polysaccharide alginate is purified in commercial amounts from ocean kelp (brown algae) for industrial uses (17) , and a variety of marine bacteria able to metabolize alginate have been described (see articles cited in reference 8). However, the known sources of alginate in terrestrial environments are bacterial, including Azotobacter vinelandii (6) and possibly Pseudomonas species (4, 7) , and any interaction between B. circulans and these or any other producers of alginate is undetermined. As a step in examining the possible interaction between microbial communities involved in alginate metabolism in terrestrial soil environments, we decided to further screen representative strains of the 10 Nakamura and Swezey (10) DNA relatedness groups for the trait of alginate lyase production.
Two representative strains each of group 1 through 10 were tested for released alginate lyase. To assay for lyase activity, strains were grown for 48 h with shaking at 30°C (42°C for group 2) in liquid nutrient medium (15) centrifugation to remove cells. Presumed alginate lyase activity in the supernatant fraction was detected by measuring the increase in optical density during 15 min of incubation at 30°C: the A4,5 unsaturated bond produced in lyase (eliminase) degradation of uronic acids absorbs at 235 nm (11, 16) . Supernatants were tested at three or four different pHs from 5.8 to 8.0.
Under our experimental conditions, strains from six B. circulans DNA reassociation groups (numbers 1, 2, 6, 7, 9, 10) showed negligible released alginate lyase activity (Table  1) . We did find substantial alginate lyase activity released into the culture medium by seven of eight NRRL strains from other B. circulans sensu lato species: groups 3, 4, 5 (revived as Bacillus pabuli [9] ), and 8 (revived as Bacillus lautus [9] ) ( Table 1) . These activities appeared to be greatest near a neutral pH. This was in contrast to the apparent alginase activity with mannuronidase specificity reported for B. circulans JBH2, which had a pH optimum of 5.8 (8) . By biochemical criteria described by Nakamura and Swezey (10), JBH2 belongs to B. circulans group 5 (data not shown). Disruption of washed cells of the 20 strains by sonication did not release further alginase activity (data not shown).
The product of complete reaction of 1.25 mg of sodium alginate in 1 ml of pH 7.4 buffer with crude enzyme from strain NRS 1351 was scanned for increase in absorbance between 200 and 300 nm, as compared with substrate plus enzyme before digestion. Consistent with a lyase mechanism, an absorbance peak (1.14 optical density) with a maximum at 233 nm was found.
When supernatants of strains from groups 3 and 4 were tested with purified oligomeric blocks of guluronate or mannuronate as substrate (alginate is composed of alternating blocks of these uronic acid epimers), an apparent mannuronidase specificity in the crude preparation was seen (Table 2) .
Alginase activity of Bacillus strains was also detected by a colorimetric plate method of Edwards and Ewing (3), with the aiginate concentration increased to 1%. Results generally agreed with data of Table 1 : strains from groups 1, 2, 6, 7, 9, and 10 were negative for alginase activity, and strains from groups 3, 4, and 5 were positive. However, contrary to well). Partially purified chondroitin lyase from NRS-1351 appeared to preferentially degrade unsulfated chondroitin compared with sulfated derivatives and was not active against dermatan or dermatan sulfate (Table 3 ). The chondroitin lyase activity of NRS-1351 had a pH optimum of 5.0 (data not shown). Table 4 lists alginase-positive strains and relevant information about them. Among the strains of B. circulans DNA relatedness groups 1 through 10, we observed clustering of By the biochemical characterization used in reference 10, these strains appeared not to belong to groups 1 to 10 and are distinct from each other as well (unpublished data).
bType VIII capsule repeat structure: oxl,4,GIcUA 131,4 Glc 131,4 Glc cl.,4
Gal. inducible alginate lyase activity in groups 3, 4, 5, and 8. Using the method described by Nakamura and Swezey (10), we measured high DNA relatedness values of 82 to 95% between JBH2 and group 5 strains, thus confirming the close relationship of these organisms that was indicated by phenotypic characterization studies. Low DNA complementary values (less than 30%) with group 3 and 4 strains established that strain JBH2 did not belong in these groups. However, recent phenotypic characterization studies indicated that ATCC 15518 and ATCC 15519 were not members of groups 1 through 10 and were quite distinct from each other as well. These findings suggested that other strains classified as B. circulans but unrelated to groups 1 through 10 should be screened for alginase.
